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Abstract 
Automatic interval recordings of sky images by digital cameras have been made at three locations in eastern 
Asia, i.e., Changchun in northeast China, Ulaanbaatar in Mongolia, and Kagoshima in southwest Japan, so as to 
see the arrival of Asian dust through the changes in the sky color and the decreases in visibility. The results in the 
springtime during 2005-2008 are compared with the images of meteorological satellites NOAA, MTSAT and 
Terra,Aqua/MODIS, and other information on dusty air. Many heavy dust events are clearly seen in the series of 
the images lasting for a day or two, while light or dispersed events are difficult to distinguish from cloudy scenes. 
Keywords : air turbidity, digital camera, interval recording, paranomic view, RGB analysis, visibility 
1. Introduction is of vital importance, including the interval time, the white 
Digital camera with the function of interval mode may be balance as daylight mode, and so on. Unexpected power 
regarded as an apparatus to record air turbidity automatically shortage that stop the recording should also be monitored, so 
for a few months or longer. In order to obtain long-term as to restart the recording. At the locations in Changchun and 
visual records of Asian dust phenomena, digital cameras Ulaanbaatar, the video cameras SONY DCR-TRV 40E and 
have been set in Changchun, Jilin Province, China, since TRV900 respectively have been operating with ten-m血te
March 2003 [l], and in Ulaanbaatar and other places in interval and half sec. record mode to take three months 
Mongolia since March 2004 [2-4]. In Kagoshima, Japan, the records in a cassette tape for the backup of the digital stil 
web-camera recording has been working since the end of camera recordings. 
2000 [1 ], and digital camera recordings including At the Faculty of Education, Kagoshima University (the 
near-infrared modes and panoramic views have been added point A), a web-camera directed to eastern sky started in the 
since the end of 2005. In this report, a brief review of the end of 2000, so as to monitor the eruption clouds of 
results in 2005-2008 is given, in connection with the satelite Sakurajima Volcano in. real time, and to record with 
imagery to detect the transport of the dusty air, and other five-minute interval al throughout the year in the daytime. 
meteorological information. The onset of dusty air is clearly The interval time has been shortened into one minute since 
detected in camera images as the change of the sky color and June 22, 2006. Another web-camera with near-infrared 
the decrease of the visibility distance, in accordance with mode also started on Aug. 20, 2007 at the point B, 9 .8km 
satelite images of Asian dust events and other reports on WSW from the crater of the volcano, with ten sec. interval to 
dusty air. see quick changes of eruption clouds. Though these 
2. Camera settings 
At Northeast Normal University in Changchun, a digital 
camera Casio QV-R4 has been operating in the springtime 
since 2003, while at Institute of Meteorology and Hydrology 
in Ulaanbaatar, a camera Ricoh Caplio G4wide has been 
operating since 2004. With one our interval, both cameras 
can record JPEG images of the VGA size (640x480) in a SD 
memory of 512 MB for a few months. The later type is also 
operating at the point B near Kamoike port in Kagoshima al 
throughout the year since the end of 2005, by changing the 
memory twice a year. In such operations, initial proper setup 
web-camera images are useful to see the air turbidity, 
selected scenes with longer time intervals are enough for 
slow phenomena such as Asian dust. 
In taking sky images, wide field of view with the horizon 
in lower side is adopted, so as to see the change of the sky 
color with the vertical angle. At the point B in Kagoshima, 
multi-directional photographs were taken temporarily and 
manually covering eastern half directions by three or four 
images with conventional color and near-infrared (NIR) 
modes of a camera SONY DSC-VI or V3, where night-shot 
mode with IR-filter shielding 840 nm was used to obtain 
NIR images [ 5].In a panoramic set of images, one may find 
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Fig. 1. Changchun sky during March 30 -April 1, 2007, exhibiting dusty air on March 31. 
many targets with various distances to estimate the visibility 4. Results during 2005-2008 
distance, which is expected to be longer in NIR mode. Spring 2005 
Digital camera Sharp MD-PS1 was set at Dalanzadgad 
3. Edition and analysis of camera nnages meteorological station in southern Gobi, Mongolia, in 
In order to find out dusty air scenes by scanning many sky addition to three cities as shown in Fig. 2. Inteival recording 
images, it is convenient to rename them to indicate the date data during March 14-28 was obtained, with a sand storm in 
and time with an initial of the place, and separate out night the afternoon on 15, snowfall on 16, and fine days after that. 
scenes. All of the daylight scenes are edited via html, with Mechanical trouble prevented the continuation of the 
the thumbnails of a day in one line, such as shown in Fig. 1. automatic recording there. In Ulaanbaatar, the recording was 
The raw data thus edited are exchanged among collaborating successful during March 6 and June 6, in which heavy dust 
members, and main part of them are shown in 
http://arist.edu.kagoshima-u.ac.jp/adust/kosa-e/kosa-e.htm 
We may identify dusty days from camera images by the 
difference in color, the lack of the brightness change with 
vertical angle, and the decrease of the contrast between far 
away objects and the sky. Quantitative study can be done by 
taking the RGB (Red, Green and Blue) profiles in 8 bit [1-4], 
along a common vertical line in the sky in different images. 
In the case of clear sky, the relationship B > G > R holds 
among three color-components, and the difference of each is 
significantly large especially in the sky far away from the 
horizon. For cloudy sky, the differences become small, 
especially between G and R, but the relation never changes. 
For dusty sky, the relationship is reversed as B く G<R,and 
the differences increase with dusty levels. A scatter diagram 
of the values BIG and RIG is useful to classify the cases 
according to the air turbidity. The RGB values along a line 
near the horizon are useful to study the decrease of the 
visibility in dusty air. 
The satelite images of NOAA, MTSAT and 
Terra,Aqua/MODIS are useful to study the transport and 
dispersion of the dusts in eastem Asia. Visible and NIR band 
images of them are useful to detect thick dusts in daytime, 
while the Aerosol Vapor Index (AVI) images, given by the 
difference of thermal infrared bands at 12 and 11ｵm, may 
give the dust distributions in the day and night [ 6].We may 
compare camera images with the satelite data and other 
reports of dusty air, such as the dust chart of eastern Asia 
Fig. 2. Location map of obsetvation stations 
in the spring of 2005 
In Changchun, interval records during March 8 -June 17 
were obtained, with many dust events starting from heavy 
one on March 9. Fig. 3 shows a decrease of the visibility on 
March 21 compared with fine and rainy days. 
summarized by Japan Meteorological Agency (JMA) and Fig. 3. Comparison of views near the horizon on fine, dusty 
commumcatlons mAsian Dust Network. and rainy days on March 20, 21 and 23, respectively. 
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Fig. 4 A scatter plot of BIG and RIG at 350 pixels from 
the top along a vertical line in the center on clear and 
cloudy skies on 3 and 5 May, and moderate and 
light dust skies on 6 and 30 April, 2005. 
4.30 Korea, W-Japan (4.28-29 Not so dusty in 
Changchun) 
Fig. 5 shows visible and NIR images of NOAA/ 
AVHRR-1 and 2 in late afternoon on April 8, exhibiting 
thick dust band over Korean peninsula and west Japan. 
Particle image velocimetry analysis of dust transport of this 
event was done, using one hour interval A VI images of 
geostationary satelite MTSAT [9]. 
As for Ulaanbaatar, the captured images at 9, 12 and 15 
Mongolian standard time(= CST= JST-1) during March 10 
-June 4 of video records is used for the analysis, as the 
digital stil camera records were unsuccessful. In this year, 
the correlation between dusty skies in and dust storms in 
Mongolia were found, while the correlation with Changchun 
images were not so clear. 
Fig. 4 shows a scatter plot ofB/G and RIG; where moderate 
dust on April 6 isclearly separated from clear and cloudy 
skies, while light dust on April 30 is difficult to distinguish 
from cloudy case. As the RGB values are at the points from 
the top along a vertical line, the plot for fine day scatters 
exhibiting vertical dependence of the sky color. 
In NOAAAVI images received at Kagoshima University, 
many dust events were found, in accordance with the 
Changchun camera and the dust reports in eastern Asia. 
Especially, the event on April 21 was overwhelming over 
Korea and Japan. The spring 2005 results are reported in [7]. 
Remarkable dust was also observed on November 7 over 
Korea and Japan, originating from inner Mongolia on 
November 5. Such an autumn dust had been also seen in 
2002 [1]. 
Spring2006 
Changchun sky was recorded from Feb. 27 to June 20, with 
many dust events travelling to Korea and Japan in the 
following days. In Kagoshima, three hours interval records 
were obtained during Mar.12-May 15. March-April events 
are briefly summarized as follows [8], with the notation 
m.dd form= month and dd=date. 
3 .10 Heavy dust in Changchun -> 3 .11-13 Korea, not 
much to Japan 
3.27 Dust in Changchun-> 3.28 S. Korea & Kyushu, 
Kagoshima 
4.7 Dust in Changchun -> 4.8-9 Korea & Japan, 
Kagoshima 
4.17 Heavy dust over Shangdong -> 4.18-19 Korea & 
Japan (Changchun: cloudy or rainy, Kagoshima : 
rather clear) 
4.23 Dusty in Changchun -> 4.23-25 Korea, 24-25 
Japan, Kagoshima Fig. 6. MTSAT / A VI image at 1 :00 JST on March 31, 2007. 
Fig. 5. NOAA/AVHRR-1 and 2 images of Korea and 
west Japan at 17:05 JST on April 8, 2006. 
Spring2007 
Changchun sky was recorded for five months during March 
5 -August 7. Most prominent dust event was on March 31 as 
shown in Fig. 1. This is due to strong low pressure system 
with a vortex structure consisting of cloudy area and 由ydusty
slot in MTSAT AVI image such as shown in Fig. 6. A time 
series of A VI images show how the bright A VI area covers 
Changchun, and goes over Korea and Japan in the next day 
gradually dispersing. Other dust events in 2007 were moderate 
or light in Changchun. The observation in Ulaanbaatar was 
unsuccessful due to a failure at initial setup. 
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In Kagoshima, the visibility often decreased not only with 
the arival of dispersed dust, but also due to polluted air 
masses from the continent and other meteorological 
conditions. Estimation of the visibility length from the 
photographs may be useful to study the air quality. As a 
reference, a view of three-hour inteival recording on fine day 
is shown in Fig. 7. In order to increase targets with various 
distances, four directional photographs were taken manually 
to obtain panoramic view covering north-east-south 
directions from the point B as shown in Fig. 8. Close-up 
images to indicate the targets in both sides are shown in Fig. 
9. Temporal panoramic photography started in 2006, and the 
format was established in 2007. Springtime results are 
displayed in the homepage of the collaboration. 
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Fig. 7. The fixed view near 1he horizon of 1he camera wi1h 3 hr.
intetval at 1he point B, wi1h 1he distance of 1he皿getsinkm.
were only 1, which is the minimum number since 2000. 
Changchun data are to be studied later. 
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Fig. 10. One hour interval images of April 16-18, 2008 
in Ulaanbaatar. 
5. Concluding remarks 
Long term automatic recording by digital cameras is 
useful for the study of Asian dust, in conjunction with 
satelite imagery and other related data. Manual photography 
to obtain panoramic view is helpful for the visibility studies. 
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